Abstract: This paper analyzes the costs of housing crises in terms of GDP growth and the economic conditions under which crises are particularly costly. Housing crises are often followed by recessions that are longer than other recessions. According to empirical estimates, a housing crisis reduces the GDP growth rate in the following year on average by two percentage points and has still a considerable negative impact in the second year. One important channel through which the effect of housing crises is passed on seems to be the banking sector. In addition, our results suggest that negative wealth effects possibly cause further reductions in GDP.
Introduction
The severe recessions of 2008/2009 in almost all industrialized countries renewed interest in the analysis of economic crises. Since these recessions were mainly perceived to be triggered by a financial crisis, the literature initiated by the work of Reinhart and Rogoff (2008) usually focuses on the consequences of financial crises. 1 However, the recession in the United States was preceded by a boom and bust cycle in the housing market. Other countries, such as the United Kingdom or Spain, also experienced a boom and bust cycle in their housing markets. Therefore, it is necessary to build not only on the experience of historical financial crises but also on the experience of historical housing crises to gain further insights into the behavior of an economy during and after the time of severe economic decline. Claessens et al. (2008) and Jannsen (2010) Using micro data, the studies of Bostic et al. (2009) and of Gan (2010) also find a close link between housing wealth and consumption in the United States and Hong Kong. Accordingly, the negative impact of a housing crisis which is usually defined as an exceptional strong decline of house prices might relate to a negative wealth effect. However, the link between consumption and housing is not confirmed by all studies. The relation between housing wealth and private consumption seems to be less pronounced especially in most European countries (see, e.g., European Commission 2008). 2 A second possible link between the housing market and economic activity discussed in the lit- 2 While the empirical evidence for a general link between housing wealth and consumption is mixed, Buiter (2010) generally denies the existence of housing wealth effects, based on theoretical arguments, since home buyers are negatively affected by increases in house prices.
erature is a direct link via the construction sector. In general, according to Tobin's q, residential investment should decrease when the worth of the housing stock decreases relative to its construction costs. Therefore, housing crises should be accompanied by a considerable decrease in residential investment as construction costs presumably do not decline as strong as house prices. Leamer (2007) stresses the close relation between residential investment and overall economic activity for the United States, where residential investment typically leads the business cycle. Further, he observes that sales of new homes are much more volatile than real house prices and he argues that the housing sector follows a volume cycle rather than a price cycle. 3 When house prices start to fall, large volume adjustments might be necessary to stop prices from falling further. Therefore, during
housing crises, economic activity should be damped considerably by depressed construction activity.
Ghent and Owyang (2010) challenge the link between residential investment and the business cycle by investigating regional data for the United States spanning from 1984 to 2008. On a regional basis, they find no close link between housing permits -as a measure of construction activity -and GDP, but on a nationwide level they do find such a link. The authors conclude that other links between housing and economic activity should exist and argue that their findings might point to the importance of wealth effects. Girouard and Böndal (2001) analyze the importance of both of the described links between housing and economic activity for a panel of OECD countries. They find strong evidence for the importance of wealth effects and somewhat weaker evidence for the importance of construction activity. Note that the two described links between the housing market and economic activity so far have been investigated only in general, but not during housing crises.
Additionally, there is at least one further possible link that might be of particular importance during housing crises, namely a link via the banking sector. Activity in the housing market, i.e., construction or purchases of houses, usually goes hand in hand with a high degree of leverage financed by the banking sector. Since houses usually serve as collateral for this leverage, a sharp decrease in house prices occurring during house crises deteriorates collateral considerably, which could mark the beginning of a banking crisis, as noted by Kaminsky and Reinhart (1999) . Related to this, Reinhart and Rogoff (2008) show that exceptional severe banking crises have been accompanied by a boom-and-bust cycle in the housing market (see also Leaven and Valencia 2008). Banking crises have been proved to have severe consequences for overall economic activity. Therefore, it seems reasonable that housing crises that spread over to the banking sector are more severe than housing crises that do not.
In order to investigate the circumstances making housing crises particularly costly, we assess in our model cross terms between the housing crisis indicator and proxies capturing the relevance of the three described links between the housing market and economic activity. To estimate the relevance of the link via the construction sector, we consider a cross term of the housing crisis indicator and the change of residential investment relative to GDP in the year of the peak at the housing market. 4 If the boom-bust of housing investment would be the main driver we argue that a high acceleration during the boom should be an indicator for the resulting costs of the bust. Thus, one underlying assumption is that housing crises are particularly costly when an oversized construction sector needs rescaling. To assess the relevance of the wealth effect, we use a cross term of the housing crisis indicator and the share of homeowners. Thereby, we assume that the more people in a country own housing wealth, the more house price declines dampen private consumption. In contrast, in countries where housing wealth is more concentrated to relatively few people or houses are more often owned by firms or communities, the wealth effect should be less important during housing crises. An implicit assumption behind this is that the housing wealth elasticity of private consumption diminishes with increasing wealth. Therefore, a higher homeownership rate might translate into a stronger aggregate wealth effect. For a robustness check of the importance of the wealth effect, we also use the change of private consumption relative to GDP in the cross term, which is more symmetric to our proxy for measuring the relevance of the construction sector. We test for the relevance of the link via the banking sector by using an indicator taking value one when a housing crisis was accompanied by a banking crisis and zero otherwise. Thereby, we are able to test directly whether stress at the banking sector worsens the effect of a housing crisis. 5 To measure the costs of housing crises, we deviate from the existing literature in using a parametric framework rather than a nonparametric framework. We apply a differences-in-differences specification incorporating structures for latent heterogeneity and serial correlation. The robustness of results is checked against potential endogeneity of crises via an extended panel treatment model with random coefficients. Also alternative crisis definitions are assessed yielding similar results.
By including control variables into our model that capture influences on GDP growth other than the crises, we are able to provide parameter estimates capturing the direct impact of defined crisis events on economic growth. Since growth persistence in terms of positive first-order autocorrelation 4 Besides the specification with the year-to-year change in the year of the peak we also consider specifications that monitor the change of housing for three years before the peak. Further, we also considered levels as well as Hodrick-Prescott filtered gaps. All specifications reveal similar results. is identified, the parameter estimates do not reflect costs in terms of cumulated output losses to the full extent. 6 We find that the costs of housing crises on average amount to roughly 2 percent of GDP in the first year after crisis occurrence and an additional 1.5 percent in the second year after the crisis. A housing crisis that is accompanied by a banking crisis leads to a loss of GDP that is 1.4 percent higher in the first year after crisis and for which an extensive prolongation of reduced growth can be observed even in the second year after crisis. We find limited evidence for the importance of wealth effects. While countries with a higher homeownership rate suffer, on average, a higher loss of GDP during a housing crisis, specifications that control for the effect of the homeownership rate do not explain the variation in observed growth significantly better than models that include only the crisis dummies. Our results are robust against alternative crisis definitions and no evidence for selection bias is found. However, the only weak evidence in favor of housing wealth effects does not 
Data Description
Our data set includes data for 15 industrial countries. (2003), we identify housing crises as turning points in real house prices followed by large price declines, i.e., a housing crisis is defined as a peak in house prices within a rolling window of eight years, followed by a price decline of at least 7.5 percent (baseline definition). 9 Using quarterly data for real house prices between 1970 and 2004, we can identify 23 housing crises in our data set. 10 The starting year of a housing crisis is defined as the year that includes the quarter of the price peak. Besides for France and for Belgium, we identify for each country in our sample at least one housing crisis ( these cases, the time series were interpolated, which is a straightforward approach, given that the homeownership rate usually changes very smoothly over time. 9 In doing so, we deviate slightly from the approach used in Ahearne et al. (2005), which identifies the beginning of housing crises as price peaks within a rolling window of six years. However, since we are more interested in housing crises than in cyclical house price movements, we impose a restriction on the minimum size of the following price decline. 10 While in general, it is not obvious whether the identification of housing crises on a quarterly or an annual basis is more appropriate, for our baseline results we use the identification on a quarterly basis, because it allows a more timely identification of the crises and we use the quarterly for the empirical investigation in section 3. For a robustness check we also use a corresponding identification method based on annual data, see Appendix for the results. Due to the identification with annual data Germany can be included into the analysis. The main results stay the same. were accompanied by a banking crisis. While it is not straightforward and beyond the scope of this paper to reveal the causality between these housing crises and banking crises, it turns out that none of these 8 housing crises started after the respective banking crises. Specifically, two housing crises started in the same year as the banking crisis, 3 housing crises started one year before the banking crisis, and three housing crises started two years before the banking crisis. Therefore, for most of the housing crises accompanied by a banking crisis, house prices already started to fall before the banking crisis began. This is at least descriptive evidence that it is not likely that the housing crises in our sample are systematically triggered by banking crises.
Housing crises and recessions
There is broad evidence in the literature that a housing crisis usually goes hand in hand with a slowdown of economic activity (see, e.g., IMF 2003). In particular, Leamer (2007) points at the close link between housing crises and the business cycle in the US, and Jannsen (2010) shows the impact of housing crises on the business cycle on an international level. We broaden this evidence by analyzing the link between housing crises and recessions. In 15 out of the 23 cases a recession started within one year after the start of the housing crises. 12 Recessions are defined according to the Bry-Boschan algorithm for quarterly GDP data. The Bry-Boschan algorithm identifies peaks and troughs via analyzing several moving averages of the log level series. The algorithm identifies a peak (trough) when the moving averages of the following period are lower (higher) and the corresponding business cycle phases comply with some conditions concerning the minimum duration of business cycles. 13 Overall, the data set contains 45 recessions. To check whether this seemingly connection is not just a random phenomenon, we perform a simulation exercise to derive a distribution for the number of recessions that are connected to housing crises. In the simulation, we assume that the occurrence of the 23 housing crises is random and not correlated to the recessions. We generate 10,000 random draws. In each draw, 23 housing crises are distributed on a sample of the same size as the original one. The drawn set of housing crises thereby has to fulfill some conditions to be accepted as a draw for the distribution: a minimum distance between two crises is assumed for 12 The dates of housing crises and recessions respectively are given in Table (1) . 13 For further details, see Bry and Boschan (1971) , and for the quarterly version, Watson (1994) .
example. Otherwise, an unrealistic case can occur in which housing crises start in consecutive years, which is not observed in the data. 14 The random draws of the housing crises are then connected with the observed recessions and the number of joint housing crises and recessions is calculated as for the original sample. In the 10,000 random draws, the event that 15 housing crises or more are followed by a recession virtually never occurred, which thus provides evidence for a clear relation between housing crises and recessions.
We further assess this relation by comparing the properties of a recession following a housing crises and those without a housing crisis, see Table ( 2). We do not find differences between both types of recessions according to the mean growth rate of GDP during a recession. The mean growth rate is slightly higher in recessions with a housing crisis but the differences are not significant according to the common levels. However, we do find evidence that recessions with housing crises last longer, namely 5.5 quarters on average, compared to 4 quarters in a recession without housing crisis, see Table ( 2). We conclude that recessions are often preceded by housing crises and that recessions preceded by housing crises lead to longer lasting output reductions than other recessions.
In the following section we discuss a parametric approach to grasp the costs of housing crises and to ask which circumstances might be particularly adverse.
Costs of housing crises
To assess the costs of a housing crisis in terms of output growth, we set up a differences-in-differences specification (see Bertrand et al. 2007 ). The model for GDP growth takes the form
where y i,t represents the GDP growth of country i in year t. 
allowing for serial dependence within the unobserved component. To take possible heteroscedasticity in the panel into account, a random coefficient approach is specified. Analysis reveals that the consideration of a random coefficient for the persistence term α 1 and the coefficient for the long term interest rates is sufficient to control for heteroscedasticity in the panel. Thus, we assume that
1 is a random variable following a normal distribution with parameters µ α 1 and σ α 1 , and for one of the β, we assume that it follows a normal distribution with parameters µ β 3 and σ β 3 , while all other parameters are constant in i. Estimation of this basic differences-in-differences specification is done via the maximum likelihood method (Beck and Katz 2007).
The estimated effects of specified crisis events using the differences-in-differences specification are given in Table ( 3). Robustness checks concerning possible endogeneity and definition and timing methodology of the crises are provided in Section 5. We estimate the (unbalanced) panel model in Equation (1) in several specifications with respect to the crisis dummies and cross terms, thus conditioning on a given set of control variables. Note, that all models with contemporaneous impacts of housing crises and cross terms were not preferred according to likelihood ratio tests and are thus not reported. Specification I takes into account the crisis indicators only and no cross terms.
A housing crisis has a significant impact on growth in both years after its occurrence. In the first year, the growth rate is dampened by 2.0 percentage points and in the second year by an additional negative impact of 1.5 percentage points. Specifications II through V all control for a single additional cross term. In specification II, the cross term of the change in the share of housing investment and the crisis indicator is added, but no significant impact is revealed. Thus, we find no evidence that a boom-bust cycle in the construction sector is the main driver of costs induced by housing crises. In specification III, the homeownership rate cross term is included and turns out to be highly significant. However, it does not improve the model fit according to Akaike's information criteria (AIC). 15 The cross term including the change in the share of consumption (specification IV ) does not provide any improvement of the model fit. In specification V , we include an additional dummy that identifies housing crises accompanied by banking crises. Again the overall fit is not improved by this specification, compared to specification I. However, the additional inclusion of a two period lagged banking crisis cross term in specification V I provides a significantly better model fit compared to specification V . According to this specification, a housing crisis depresses growth by 1.5 percentage points in the first year after its occurrence and has an additional impact of -0.8 percentage points in the second year after. If a banking crisis accompanies the housing crisis, the first year effect amounts to -2.9 percentage points and the recession is substantially prolonged with an additional dampening effect of -2.6 percentage points. The best of all considered specifications is specification V II, where compared to specification V I, the first year dummy for the housing crisis is replaced by the cross term with the homeownership rate. The impact of the homeownership rate is lower when controlling for banking crises than in specification III, which might indicate that the homeownership rate is not a pure proxy for wealth effects. Collateral effects may interact. Our model specifications provide evidence that certain economic conditions potentially worsen the effect of a housing crisis on economic growth.
Overall, given that banking crises induce a substantial additional reduction of GDP growth and the disability of all other cross terms to provide additional explanatory power, we conclude that the banking sector is a channel that is important in transmitting the housing crisis to overall economic activity. Non-performing loans and loss in value of collaterals as a consequence of falling house prices seem to loop back to the economy with the banks' balance sheets. A connection between housing wealth and output via consumption seems comparably less important. However, this study mainly captures housing crises in the 1970s and 1980s. Financial tools that enable house owners to transmit wealth increases into additional consumption were less developed than they are today. 16 No special impact of the size of the construction sector could be found.
Robustness checks
Empirical results given in Table ( 3) are conditional on the crisis definition, i.e., dating with quarterly data and assuming a minimum price decline of 7.5 percent (baseline crisis definition). Three kinds of robustness checks are considered. Results on the robustness checks are presented, see Tables (4) , (5) and (6) . The first robustness check considers a dating of housing crisis based on annual price data, which allows also to include Germany, see Table (4 Table (5) and Table ( possible endogeneity or selection bias. Factors causing the occurrence of a housing crisis may be correlated with unobserved factors influencing growth. This correlation leads when ignored to biased parameter estimates. Although we find no contemporaneous effect of the crisis, endogeneity of the crisis indicators may be problematic due to autocorrelated errors. Thus, the model in equation (1) is enhanced with a second equation,
where ξ (i) comprise individual specific random coefficients. In addition to lagged growth, short interest rates, long interest rates, inflation and the consumption ratio are included in Q i,t . The analysis suggests that this variable is connected to a random coefficient. Our model is closely related to treatment framework established in the seminal work of Heckman (1979) . Estimation is performed using the maximum likelihood method, where the corresponding likelihood function involves high dimensional integrals. Hence, a simulation-based estimator is used based on the GHK importance sampling proposed by Geweke (1989) , Hajivassiliou (1990) , and Keane (1992) . To ensure numerical precision of the likelihood evaluations, a set of common random numbers with a size of 500 has been found sufficient. Overall, likelihood ratio test statistics given in the last column of Tables (3) and (4)- (6) suggest that no selection mechanism or endogeneity of crisis is present in the data set and different crisis definitions.
Conclusion
This paper provides evidence for a close link between housing crises and severe contractions of overall production at the level of industrialized countries. Housing crises are often followed by recessions that are longer than other recessions. Using a panel study, we assessed the costs of housing crises.
They diminish GDP growth in the following year by about 2 percentage points on average and have an additional detrimental effect of roughly 1.5 percentage points in the second year after the outbreak of the housing crisis. We could not observe any significant contemporaneous effects of housing crises.
The economic conditions that may lead to particular costly housing crises are analyzed via several cross terms. We find no evidence that a high increase in the share of housing investment prior to a crisis has a particular impact. Thus, we conclude that a housing crises does not simply indicate a boom-bust cycle in the construction sector. A detrimental wealth effect does not seem to be the driver of costs, since we find no evidence for a boom-bust in consumption either. However, there is some evidence that a higher rate of homeownership increases costs. This may indicate an asymmetric behavior. While homeowners might feel a loss in wealth due to decreasing house prices, potential home buyers do not translate decreased prices into a positive wealth effect in times of economic stress or even recessions. Due to multicollinearity, this result should be interpreted with care. Finally, we analyzed the growth effect of housing crises that are connected to banking crises. A joint occurrence of a banking and housing crisis increases costs. While the difference between housing crises with and without banking crises is rather moderate in the first year, banking crises play a major role in the second year after the house price peak. We conclude that the effect of housing crises on the banking sector seems to be an important channel on output. Tables   Table 1: Timing of Housing crises and Recessions JP 1973 , 1991 1973 , 1993 , 1997 , 2001 FR 1974 , 1992 US 1979 1973 , 1980 , 1981 , 1990 UK 1973 , 1980 , 1989 1973 , 1974 , 1979 , 1990 CN 1976 , 1981 , 1989 1981 , 1990 ES 1991 1978 , 1980 , 1992 AU 1974 , 1981 , 1989 1974 , 1981 , 1990 NL 1978 1974 , 1979 , 2003 BG 1974 , 1980 , 1992 SD 1979 , 1990 1970 , 1976 , 1980 , 1990 SW 1973 , 1989 1974 , 1981 , 1990 , 1991 , 2002 DK 1979 , 1986 1973 , 1979 , 1986 , 1992 , 2003 NW 1987 1988 FN 1989 1975 , 1990 IR 1979 1982 , 1985 Notes: The figures denoted the year a housing crisis or a recession started in according to the timing methods described in the text. Notes: ∆ shi: change in share of housing investment; hor: rate of homeownership; ∆ cr: change in consumption ratio; bc: banking crisis. a :The probit part of the treatment model yields a log likelihood of -100.0 if estimated separately.
Housing crises Recessions
The probit model contains the following list of regressors: lagged growth, short interest rates, long interest rates, inflation and consumption ratio.
